In this study we described a case of lipofibromatous hamartoma involving the median nerve. We adopted diffusion tensor imaging and constrained spherical deconvolution-based tractography to reconstruct the affected median nerve. Moreover, we extracted diffusion-based parameters reflecting axonal integrity loss of median nerve fibres. Our data showed that constrained spherical deconvolution-based tractography outperformed the diffusion tensor imaging-based method, allowing the detection of the entire median nerve, including its branches, thus offering a robust method to investigate the involvement of the median nerve in pathological conditions. All clinical and technical implications are extensively described.
Introduction
The median nerve is the largest nerve passing through the forearm. This is a structure of great interest for radiologists due to its frequent involvement in a number of diseases, e.g. carpal tunnel syndrome. 1 Magnetic resonance imaging (MRI) examination with diffusion tensor imaging (DTI) represents, in this context, a powerful approach to assess median nerve involvement in pathological conditions. 2 Although DTI has already been largely used to analyse the median nerve, 1 it is known to suffer from a number of limitations affecting its output as well as often making analysis and reconstruction of white matter (WM) structures difficult. 3 To date, constrained spherical deconvolution (CSD) 4 has been demonstrated to provide better results if compared to DTI; moreover, it has been shown that CSD can offer a better angular resolution than other approaches, e.g. Q-ball imaging. 5 The combination of these features makes CSD a feasible and powerful approach to study WM, both in physiological and pathological conditions. [6] [7] [8] The main goal of this study was to show the superiority of the CSD technique to analyse the median nerve in a patient affected by a lipofibromatous hamartoma (LFH) of the left hand. For this reason, we performed a double analysis by using both CSD and DTI models to reconstruct median nerve fibres of the affected hand and to analyse diffusion parameters. All technical considerations are described.
Case report
A 20-year-old man presented to our clinic with a 10-month history of worsening dysesthesia and paresthesia affecting the thumb and index finger of his left hand. There were no deficits in motor function affecting the left hand.
Physical examination revealed a soft, non-tender, subcutaneous mass over the volar aspect of the left wrist with no atrophy of the thenar eminence. Somatic examination did not reveal any signs of neurofibromatosis or lymph node tumefaction.
Nerve conduction studies inferred a reduction in median nerve conduction at the wrist. Morphological MRI scan revealed a 46 Â 23 mm mass of the median nerve characterised by fat infiltration with enlargement and spreading of the nerve fibres ( Figure 1) . MRI acquisitions were obtained by means of a 3T Philips Achieva MRI scanner (Philips Healthcare, Best, The Netherlands) with a 32-channel head coil. The following sequences were performed:
. T1-weighted high-resolution three-dimensional fast field echo (TR 8.1 ms, TE 3.7 ms, flip angle 8 , reconstruction matrix 240 Â 240, voxel size 1 mm 3 ); . T2-weighted high-resolution fast spin echo (TR 3188 ms, TE 90 ms, thickness 2 mm, reconstruction matrix 512 Â 512); . Dual-phase encoded pulsed gradient spin-echo sequence (TR, 15,120 ms; TE, 54 ms; scan matrix, 160 Â 160; section thickness, 2 mm; 60 gradient directions; b-value,1500 s/mm 2 ).
For all sequences, no inter-slice gap was used. Preprocessing steps followed the same methodology of previous work. 7, 9 The diffusion signal was modelled both by the CSD and DTI approaches. The MRtrix software package, version 3 (www.mrtrix.org) was used to perform probabilistic tractography, called pCSD and pDTI for convenience. An expert radiologist manually segmented a region of interest (ROI) on the co-registered T1 image at the level of the carpal tunnel; this ROI was considered as seed for tractography. The following parameters were adopted: number of streamlines 500,000, minimal fibre orientation distribution function 0.10 (for DTI fractional anisotropy (FA) threshold 0.20), minimal fibre length 40 mm. From obtained reconstructions, FA and mean diffusivity (MD) parameters were extracted.
Tractographic output was discussed by qualitatively comparing DTI and CSD reconstructions, by checking the one better respecting the anatomical standard of the median nerve. Quantitative results were shown by citing previous studies providing normative values of diffusion parameters of healthy median nerves obtained with 3T MRI scanners. 1, [10] [11] [12] [13] As previous studies were conducted with different scanners and parameters, any robust comparative analysis could not be done. pDTI and pCSD reconstructions of the median nerve affected by the LFH are also shown in Figure 1 . pDTI analysis allowed us to reconstruct only the principal body of the nerve; on the contrary, pCSD provided a more detailed reconstruction, with also the detection of median nerve branches. The quantitative analysis of diffusion parameters showed an average FA decrease when looking at pCSD reconstruction if compared to the average FA obtained from pDTI, and vice versa for MD (Table 1) .
Discussion
LFH is a rare and slow-growing, benign neoplasm involving the peripheral nerves and their branches. The excessive proliferation of fibroadipose tissue infiltrating the epineural and perineural elements gives rise to a pathognomonic serpiginous, 'cable-like' appearance on morphological MRI examination.
We described the two tractographic outputs obtained by DTI and CSD diffusion models as well as differences regarding quantitative analysis of diffusion parameters.
Our qualitative analysis showed a better detection of the median nerve, including its principal branches, if using CSD-based tractography; indeed, DTI-based output was limited only to the principal trunk of the nerve. In terms of diagnostic accuracy, DTI caused the incorrect evaluation of the median nerve, as it appeared not to be involved by the neoplasm. On the contrary, CSD-based reconstruction allowed us to confirm the involvement of the principal trunk and also the branches of the median nerve by the neoplasm. This evaluation was reinforced by the measurement of FA and MD, showing values deeply lower and higher, respectively, if compared to DTI-based values. The above-described changes may be explained by a neoplasm's mass effect on the median nerve as well as by alterations of its structural integrity.
To the best of our knowledge, this is the first study of the median nerve conducted by means of CSD model. The reason why CSD-based data outperformed DTIbased data can be explained by considering the higher sensitivity of CSD in modelling the diffusion signal; this is true, e.g. inside the brain, when CSD was found highly able to resolve voxels with multiple complex fibre geometries.
14 Moreover, CSD was found to be less affected by neoplasm-related effects, thus allowing it to reveal pathways missed or poorly detected by DTI. 6, 7 In this context, the presence of the LFH may bias DTI output and impede the reconstruction of the median nerve branches. The difficulty in reconstructing the median nerve has already been reported, caused by a number of factors, including the interference of the surrounding structures;
13 these latter were considered responsible for alterations of FA values, whose threshold DTI-based tractography is strictly dependent for reconstruction. By using CSD, tractography is independent from the FA value, thus further improving the quality of the final reconstruction. All the above-described points suggest that CSD should be preferred to investigate the median nerve both in physiological and pathological conditions. In conclusion, the adoption of advanced approaches, such as CSD, may help to improve radiological diagnostic accuracy, with a significant impact on the patient's outcome and quality of life.
The present paper suffers from the inherent limitations of a case report, i.e. the lack of a robust statistical analysis. Moreover, this study might suffer from the limitations inherent in the diffusion modelling process. 15 
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